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Abstract 

The two point functions, which give the probability that the spins turn down at the boundaries, 
are studied for the six vertex model on a 2N x A*' lattice with domain wall boundary condition 
and left reflecting end. We consider two types of two point functions, and express them using 
determinants. 

1 Introduction 

The six vertex model is one of the most fundamental exactly solved models in statistical physics 
[3 [21 [3111] ■ Not only the periodic boundary condition but also the domain wall boundary condition 
is an interesting boundary condition. For example, the partition function is deeply related to the 
norm [5] and the scalar product [5] of the XXZ chain. The determinant formula of the partition 
function [71 [8] lead Slavnov [6] to obtain a compact representation of the scalar product, which plays a 
fundamental role in calculating correlation functions of the XXZ chain [31 [TUl [HI [H] . The determinant 
formula also led to a deep advance in enumerative combinatorics [131 [HI [IS] . For example, it was 
used to give a concise proof of the numbers of the alternating sign matrices for a given size. Recently, 
the correspondences between the partition function and the Schur polynomial [16) and KP t function 
[T7] have been revealed. 

The calculation of correlation functions are also interesting in the domain wall boundary condition 
itself. Several kinds of them such as the boundary correlation functions [HI [HI HOI [H] and the 
emptiness formation probability [32] have been calculated. Some of them are shown to be expressed 
in determinant forms. 

The mixed boundary conditions of the domain wall and reflecting boundary [23) has also been 
studied. The partition function [24] and several kinds of boundary one point functions [25l [26] are 
computed and expressed using determinants. 

In this paper, we calculate boundary two point functions for the six vertex model on a 2N x TV 
lattice with the mixed boundary condition. The two point functions we consider give the probability 
that the spins turn down at the boundaries. We calculate two types of two point functions, and 
express them in terms of determinants. 

The outline of this paper is as follows. In the next section, we define the six vertex model with 
mixed boundary condition. We consider two types of two point functions, and call them Type I and 
Type II, according to the boundaries the spins we consider are associated with. Type I is evaluated 
in section 3, Type II in section 4. 
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2 Six vertex model 



The six vertex model is a model in statistical mechanics, whose local states are associated with edges 
of a square lattice, which can take two values. The Boltzmann weights are assigned to its vertices, 
and each weight is determined by the configuration around a vertex. What plays the fundamental 
role is the i?-matrix 



R{X) = 



( a(\) \ 

h{\) c(A) 

c(A) 6(A) 

V a(A) ) 



(1) 



where 



a(A) = 1, 6(A) = 



shA 



sh(A + ry) 

The i?-matrix satisfies the Yang-Baxter equation 



, c(A) = 



shr/ 



sh(A + -q) ' 



i?i2(A)i?i3(A + M)i?23(/i) = R2z{l^)Riz{\ + A')^12(A). 



(2) 



(3) 



In this paper, we consider the six vertex model on a 2N x N lattice depicted in Figure [T] At the 
upper and lower boundaries, the spins are aligned all up and all down respectively. At the right 
boundary, the boundary spins are up for odd rows and down for even rows. We set Lak{^a,Vk) = 
Raki^a — Vk — rj/2). At the intersection of the a-th row and the fc-th column, we associate the 
statistical weight a-^L^fc(— A/j, i/fc)cr^, = (a + l)/2 for a odd and Lp^,{\p,Vk)^ f3 = a/2 for a even. 
Between the (2a — l)-th and (2a)-th row, the boundary statistical weight 

is associated at the left boundary. For later convenience, we denote {A} = {Ai, A2, . . . , Ajv}, {i^} = 




Figure 1: The six vertex model with left reflecting boundary. 
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{vi, 1^2, • ■ • , vn}, and introduce the one-row monodromy matrix 

T{Xa, {v}) =LaAr(A 

A(A„,M) B(A„,M) 
C(A„,{i.}) D{Xa,{iy}) 



(5) 



Combining two one- row monodromy matrices and the X-matrix (j?]), one can construct the double- row 
monodromy matrix 



e(A„,M) P(A„,{^}) 



(6) 



The partition function of the six vertex model with mixed boundary condition, which is the summation 
of products of statistical weights over all possible configurations, can be represented as 

Z2Nxn{{X}, M) - w]^B{Xn, M) ■ ■ ■ B(Ai, M)w+, (7) 

where — JlfcLi tfc and w'^ — Y[k=i ^k- It has the following determinant form [24] 

,,,, , n,li Uti b^^i., + ry/2) - sh^Afe] det^ x({A}, M) ^ . 

ili<j<k<N [sh Vj - sh Ukl [[i<j<k<N [sh Xk - sh A^J 
where % is an x matrix whose elements are given by 

Xjk = x{X],Vk), (9) 
^ ^sh77sh(2A + r;)sh(i. + C+) , . 

^'^ [sh2(i/ + r;/2)-sh2A] [sh2(:.-7;/2)-sh2A]' ^ ^ 

3 Type I 

In this section, we consider the following two point function which we call Type I. 



where 



^i(Af, L) ^w-^B{Xn, {v}) ■ ■ ■ B{Xl+i, {u})g2iXL,MMXL-i, M) ■ ■ ■ B{Xm+i,{i^}) 

X F{Xm, {v})B{Xm-i,{v}) ■ ■ ■ BiXu{iy})w]^, (12) 



-F(A„, {4) =|2a T^(Aa, M) t2«-l, (13) 

W{Xa, = T*°(A„, {4)if+(A„)i(l - al)alT{-Xa, MWl^il + a?), (14) 

a2(A„, {i^}) =|2a ^2(Aa, M) t2a-l, (15) 

^2(Aa, {i.}) = i(l - a3)r*°(A„, {i.})i(l + al)K+{Xa)alT{-Xa, M)al. (16) 

This two point function is depicted in Figure [2l and gives the probability that the spin on the first 
column is turned down just on the {2M ~ l)-th row, and the spin on the second column is turned 
down just on the (2i)-th row. We calculate this two point function in several steps, and show that 
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Ai 2 
2M - 1 

Xm 2M 
2L- 1 

2N -1 

\ Aa- 2iV 



Figure 2: Type I (fTT|). 

as in [21], it can be expressed utilizing a determinant whose entries include differential operators. 
First, from the graphical representation, we find the numerator ■0i(M, L) becomes 

M-l 

MM,L) = - c(-Am -t^i- 11 /2) n {h{-\, -yi- v/2)b{Xj -yi- r;/2)} 

X w^_^b{\n, ■ ■ ■ b{Xl+u MVi)Qi^L: MVi) 

X S(Al_i, ■ ■ ■ B{Xm+i, {iy}\i^i)V{XM, MW) 

X BiXM-uMVi) ■ ■ ■ ^(Ai, MVi)w+_^, (17) 

where 

e(A„, =;2a X{Xa, MVl) ha-l, (18) 

X(A„, MVi) = i(l - a3)T*°(A„, {z^}\;^i)^(l + al)K+{X^)<jlT{-X^, (19) 

Next, we need the action of the operator V on the vectors created by B operators. Utilizing the 
following formula 



23(A„ M)B{X,-i, M) ■ ■ ■ BiXi, {u})w+ 



sh77sh(2Afe +1]) r sh(Afc + A,)sh(Afc + rj/2 - C+) ^ sh(Afc - - 7i/2) ^ sh^(Afc + 77) - sh'A 



sh2Afc I sh2A,-sh2(Afc+7y) f}^sh{Xk - Uj + 7^/2) sh^A^ - sh^A^ 



sh(Afc - Ai)sh(-Afe + 77/2 - C+) A sh(-Afc - t/j - T//2) -A- sh^(Afc - 77) - sh^Aj | 

fJsh(-A,-t.,+r?/2) n sh^Afe-sh^- i 



sh^ A, - sh^ (Afc - 77) f}^ sh(- Afe - + r?/2) ^ -L sh^ Afe - sh^ A 



X B{X,, {v}) ■ ■ ■ B{Xu,{v}) ■ ■ ■ B{Xi,{v})w+,, (20) 
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one has 

Af-l M 



MM, L) = - c{-\m -VI- n {^(-^j- - - v/m^3 - ^1 - vim E sh2A 



sh77sh(2A^ + 77) 
sh2A/3 

f sh(A/} + AM)sh(Aff + ??/2 - (+) -py sh(A^ - Vj - t]/2) -pr sh^(A/3 + ??) - sh^Aj- 
l sh2AM-sh2(A;3+r?) /i sh(A^ - + V2) sh^A^ - sh^Aj 

sh{\l3 - AA/)sh(-A^ + 77/2 - C+) A sh(-A/3 - Vj - ■q/2) ^ sh^{\p - rf) - sh^Xj 



sh^AM-sh^(A^-r;) sh(-A^ - + r//2) sh^A^ - sh^A^ J 

X w^_-^6(AAr, {i^lVi^i) • • • 6(Al+i, {j^}\i'i)0(Al, 

X B{\l-u ■ ■ ■ B{Xp, MVi) ■ ■ ■ fi(Ai, {,y}\,yi)w+_„ (21) 

getting rid of the operator T>. We repeat the similar procedure we did as above to ((2T|) . From the 
graphical description, one obtains 

M-l 

MM,L) = - c(-Am - t/i - r;/2) J] {b{-Xj - i^i - v/2)b{Xj - i^i ~ ij/2)}b{-XL - ~ v/2) 
X c(A, - - ,/2) f; nV(-A, - .2 - W2)6(A, - - ^^,)| Bh^sh(2A +,) 

W A/ 9 9 

f sh(A/3 + AA/)sh(A^ + 77/2 - C+) TT- sh(A/3 - i/j - 77/2) -pj sh (A/3 + 77) - sh A^ 



sh^XM - sh2 (A/3 + r;) ^^-^^ '^(^^ " + ^Z^) sh^ A/3 - sh^ A, 

sh(A/3 - AM)sh(-Aff + r]/2 - C+) -pr sh(-A/3 - uj - t]/2) -pj sh^(A^ - v) - sh^A^ 
sh2AM-sh2(A/3-7;) IJ sh(-A^ - + r//2) IJ sh% - sh^Aj J 

X W^_^B{Xn, {7^}\{7^1, V2}) ■ ■ ■ B{Xl + 1, {7^}\{7^1, 7^2})-4.(Al, {7^}\{7^1, V2}) 

X S(Ai_i, 7.2}) • • • B{Xp, 7.2}) • • • B(Ai, {t^IVIt'i, 7.2})u;+_2. (22) 

Then, applying the formula 

A{X,, {7.})B(A,_i, {7.}) • . • B{Xi, {iy})w+ 

sh77sh(2Afc + 77) J- sh(Afc + 77/2 - C+) A sh(Afc - Uj - rj/2) sh^jXk + ??) - sh^Aj 
sh2Afc I sh(Afc + A, +77) sh(Afc - + 77/2) sh^Afc-sh^Aj 

^ sh(-Afc + 77/2 - C+) A sh(-Afc - 7/j - 7^/2) -A- sh^(Afc - 77) - sh^Aj | 

11 cln('-X,. - 7/. -I- 11 



3h(Afe - A, - 77) sh(-Afe - + 77/2) A^-l sh^Afe - sh^A 



■3 



3= 

X BiX,, M) ■ ■ ■ B{Xk, M) ■ ■ ■ B(Ai, M)w+, (23) 
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we have 

M-l 

V-ilM, L)=- c{-\m -vi- n {b{-\, -vi- v/2)b{Xj -vi- ii/2)}b{-\L -v^- 11/2) 
X c(A, - - ,/2) ^ nV(-A, - .2 - W2)6(A, - - V2)} '^^'^f// + 
^ f sh(Aff + AM)sh(Aff + 7^/2 - C+) -pr sh(A^ - Vj - r?/2) -p4 sh^(Aff + ??) - sh^Aj 

sh(A^ - AM)sh(-Aff + ri/2 - (+) -pr sh(-Aff - Vj - ri/2) -pj sh^jXp - r]) - sh^Xj \ 

sh?7sh(2AQ + 77) rsh(Aa + ?7/2 - C+) 1^ sh(AQ - i/j - 77/2) sh^(AQ + 77) - sh^Aj 

^ sh2A„ I sh(A„ + Al + 77) sh(Ac, - i^j + 77/2) sh^A^ - sh^Xj 



sh(-A^ + 77/2 - C+) -pr sh(-A^ - 7/, ~ 77/2) -pj- sh"(A„-77)-sh^Aj | 
sh(A„ - Al - 77) -^sh(-A„-i/j +7//2) A^-l^ sh^A^-sh^Aj J 

X ^2(JV-2)x(Ar-2)({A}\{A„, A/^}, MMl^l, ^2}). (24) 

Dividing ([M)) by the partition function ^ and simplifying, one gets 

sh^77 

~det^ X({A}, {i^})sh(AM + i^i - r;/2)sh(AL -1^2- 77/2) n,^!;^ [sh2(j/i - 77/2) - sh^A^] 

nj^2 [si^^^i - si^^'^j] nf^3 [sh^^2 - sh^z/j] 

nf=M b^^^i + W2) - sh^A,] UU b^\^2 - ??/2) - sh^A,] UU+i [^^'('^2 + r//2) - sh^A,] 

LA/ 2 

EE(-1)"^''^«^ det a({A}\{A.,A^},{7.}\{7.i,z.2}) E ^«j(Aa,A^), (25) 

c 

where 



X 

Af-2' 

a=l l3=l i,j=l 



and 



1 a > /3 

ea/3 = <( a = /3 , (26) 

-1 a < 13 



F.AK.Xp) = gi(Ao)gi(^^) ^ (27) 
sh {Xa + 77) - sh A^ 



p a X ^ - Gi(Aa)g2(Aff) , 
sh (Aa + 77) - sh A/3 

P a X ^ - G2(Aa)gl(Aff) 

sh (Aq, — 77) — sh Xp 



"^^'^^^"'^^^ - sh^(A„-7;)-sh%' 
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where G'i(Aq), G'2(Aq), iJi(A^) and i?2(A^) are 

sh(A^ + 77/2 - C+) UU [sh'(Aa + r?) - sh^Aj] Jlf^L+i [sh'^c - sh^Aj] 
sh2A„sh(A„ + Xl+v) nls [sh'i', - sh2(A„ + rj/2)] ' ^ ^ 



G2(A„) 



sh(2A„ + 77)sh(A„ - 77/2 + C+) UU [sli'(A„ - 77) - sh^A,] Jlf^L+i [sh^A^ - sh^A,] 



"sh2AaSh(2Aa - 7y)sh(Aa - Al - ??) n^la [sh'i^j - sh\X^ - 77/2)] 

(32) 

sh(A^ + AAf )sh(Aff + 7?/2 - C+)sh(?7/2 - A^ - 1^2) 
sh2A/3sh(A/3 + + '7/2) 

n^lT' [sh'(A^ + ^) - sh'A,] nf.M+i [sh'A, -sh^A,] 

, [66) 



nf=3[sh'^j-sh'(A^*+W2)] 
3h(2A^ + ry)sh(A^ - AM)sh(-A;3 + ?//2 - C+)sh(A^ - 1^2 + r//2) 



X 



sh2A;3sh(2A^ - ?7)sh(A;3 -1^2- r?/2) 
r-i^(A0 - 7?) - sh^Aj] rij^M+i 



[sh'j X^ - 7^) - sh^A,] n,tM+i b^'^P - Bh^A,] 
nf=3 [shS-sh2(A^-77/2)] 



(34) 



Let us set Xj as Xj = A + zj. Note that the sum in ([25|) can be formahy extended to N since 
Gi(A„) = G2(Aa) = for a = i + 1,...,A^ and i?i(A^) ^ H2{Xp) = for ^ = A/ + 1, . . . , iV. Then, 
one finds that (j25p can be expressed in the determinant form as 



■^i{M,L) 



sh^77 



'detjv X({A}, {z^})sh(AM + il/2)sh{XL -V2- r?/2) HjIT' [sh'(7/i - 77/2) - sh^A,] 
njl2 [sh^'^i - sh^i^j] nf=3 [sh^^2 - sh^T/j] 



nf=Af + W2) - sh^A,] nt=i [sh'C'^s - r;/2) - sh^A,] nf.i+i [sh2(^2 + ^2) - sh^A,] 

2 



X det(exp(2:jaeJ|exp(zj5e2)|x(A + Zj,i^fc))i<j<jv,3<fc<A' ^ ^i.j(A + ei, A + e2)|£i=e2=o. (35) 

Now let us set Vj = v + Wj and take the homogeneous hmit Xj — X,Vj by putting Zj,Wj,j = 
1, . . . , to zero in the order wi,w^,. . . wn,W2, z\ . . .zjq. We have 

*i(Af,i)(''' 

(iV - l)!(Ar - 2)!sh2r/sh2^"^2i/ 

"detAT $ {^\?y - sh2(A - 77/2)] [sh2(7. - 77/2) - sh^A] [sh2(7. + 77/2) - sh^A] 2^-^-^^+^ 

2 

X det(9f-i|9f-i|$,-fe_2)i<,<jv,3<fc<Ar ^ ^;^^'(ei,e2)k=..=o, (36) 



where 



1>.,fe = 9r'5^ix(A,i^), (37) 
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and 



^^'^ ^'"''^ - sh^(A + .i+,)-sh^(A + .,)' ^''^ 
^'"'^^ - sh^(A + e,-,)-sh^(A + .,)' ^^'^ 



where Gj''^(ei), G^''^(ei), i/f ^(ej) and -fff ^(ea) are 



, N-L 



^{h), sh(A + ei+r;/2-C+) [sh^(A + ei + 7?) - sh^A] [sh^(A + - sh^A] ^ 

1 ^'^^ sh(2A + 2.i)sh(2A + .i+^) [sh^.-sh^(A + ei+ry/2)]^-^ ' ^ ^ 



N-2 



sh(2A + 2ei + T])sh{X + ei - 77/2 + C+) [sh^(A + ei - r;) - sh^A] ^ [sh^(A + ei) - sh^A] 
sh(2A + 2ei)sh(2A + 2ei - r;)sh(ei - tj) [shV - sh2(A + ei - r;/2)] 

sh(2A + £2)sh(A + £2 + v/2 - C+)sh(77/2 - X - €2 - 1^) 
sh(2A + 2e2)sh(A + ea + + t]/2) 

[sh\X + e2+v)~ sh^A] [sh^X + £2) - sh^A] ^"'^ 



Af-L 



(43) 



[sh2j.-sh2(A + e2+r//2)]" ' 



(44) 



(45) 



„ih). . _ sh(2A + 262 + 77)she2sh(-A - £2 + v/2 - C+)sh(A + £3 - + 7?/2) 
2 ^■^^'^ ~ sh(2A + 2e2)sh(2A + 262 - ?7)sh(A + £2 - - ??/2) 

[sh^(A + £2 - v) - sh^xf^' [sh^(A + £2) - sh^A]'^'''' 
[sh2j.-sh2(A + £2-77/2)]'^"' ■ 

4 Type II 

In this section, we calculate another type of two point function which we call Type II 

^2NxN(iXl, {l^i) 

where 

MM, L) ^w-^£l{\n, {v])B{Xn^i, {v]) ■ ■ ■ B{Xm+i, M) 

X T{Xm, {i^})BiXM-i,M) ■ ■ ■ B{Xi, {iy})w+, (47) 

£L{Xa, M) =ha VLiXa., {jy}) t2a^l, (48) 

14(Aa, M) = r*°(A„, + al)K+{X^){alL^N['K,VN)al) ■ ■ ■ (a^ L„i(-A„, z/i)^^ ) 

X ^(1 + f7i)(fT2L„L_i(-A„, VL^i)al) ■ ■ ■ {alLa,i{~Xc,, vi)(jI), (49) 

This two point function, depicted in Figure |31 gives the probability that the spin on the first column 
is turned down just on the {2M — l)-th row, and the spin on the (2A^)-th row row is turned down just 
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2N -1 



Figure 3: Type II 
on the L-th column. Let us calculate this two point function. 

First, with the help of the graphical description, we find the numerator ip2{M,L) becomes 

N 

MM,L)^sh{XN+v/'^ + C+)b{-^N-i^L-v/'2)c{XN-'^L-v/2) H &(Ajv - - r;/2) 

X (I,-.. ,L,..- ,iV|B(AAr_i,{i.})...B(AM+i,M) 
X ^(Am, M)B{Xm-u M) ■ • • ^(Ai, {iy})w+ 

N 

= -sh{XN + r]/2 + C+)b{-XN-iyL-v/2)c{XN-'^L-v/2) Y[ b{XN - - r]/2) 

3=L + 1 

M-1 

X c(Am -1^1- ??/2) Yl {b{-X, -v^- Ti/2)h{Xj 77/2)} 
X (1, • • • , L, • • • , iV - 1\B{Xn-u ■ ■ ■ B{Xm+i, MVi) 

X V{Xm, {z^}\z^i)6(Am-i, MW) ■ ■ ■ B{Xi, {v}\vi)w+_^, (50) 
where (1, • • • , L, • • • , n| = 4,1 • • • II • • • in- Next, utihzing (1^ and 

n6(A,,MK=n5i^||3±^ E ••• E fi{(-a,)sh(-.,A,+,/2-c+)} 

X n n sh(-.,A,^..+./2) sh(.,A,+..A.) n ^(^. a, , 

(51) 
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(see [57] for the rational case) , one finds ([5(1)) can be expressed in terms of one- row monodromy matrices 
as 

MM, L)=- sh77sh(AAr + ry/2 + C+)b{-^N - vl - v/^H^n - i^l ~ vI'^H\m - vi - 

N M-1 Af-1 , , . . 

X n ^^^^ - '?/2) n {^(-^^ - ^1 - - ^1 - ^/2)} n 



E E • • ■ E n {(-.>M--.A, + W2 - a)} n n ^ ^ '^'^ 



M N-l N-l N 

X 

Q=l(Tl=± <TiV-l=± j = l j = l fe=2 



sh(-(TjAj - i^fe + ?7/2) 



(53) 



sh(-gaAa + Xm) TT Sh (-ggAg + 1]) - Sh Aj -r-r sh(gjAj + Q-fcAfc - 7?) 

^ sH^Am - sh2(-cr„Ac. + ?7) sh^Aa - sh^A^ i<j<fc<A,_i ^H^^j^J + ^fc^fc) 

N-1 

X (l...L...7V_i| B{<j,X,,{,.}\,.,)w+_,. (52) 

We then change the viewpoint to use the column monodromy matrix 

=LNj{XN,Vj) ■ ■■Lij{\i,Vj) 
A(^.„{A}) S(z.„{A}) 

instead of the row transfer matrix ([5]) . Then one finds 
(1...Z...7V-1I [] i?(a,A„MVi)«;+_i 

=4-2^('^^. 't({A}\{A„, Ajv})) • ■ • C(z.L+i, a({A}\{A„, Aw})) 

X A(i.i, a({A}\{A„, AAr}))C(i.L-i, a({A}\{A„, Ajv})) • • • C{i^2,a{{X}\{\^,XN}))v],_^ 
=w^_2-B(j/jv, o-({A}\{Aq, Atv})) ■ • • B{iyL+i,<y{{X}\{Xa, Xn})) 

X DiuL, a({A}\{A„, Ajv}))S(zyL_i, a({A}\{A„, Aat})) • ■ • 8(1^2, ai{X}\{X^, Xn}))v+_^ (54) 

where v%^^ = JJa^i ta, = Ha^i^ and 

'^({A}\{Aa, Aat}) = {(TiAi, . . . ,aa-iXa-i,cra+iXa+i, ■ . . , Aat- i } . Utilizing 



/?(!/„ {A})B(z.,_i, {A}) • • • Bii^i,{X})v+ 



N 



sh?7 -p-j- sh(iyj - i^k + ??) -rr sh(Aj- - Vk - ?7/2) 

^ ^ sh{iy, -Vk + Ti) -Ij; sh(iyj - Uk) sh(Aj - + r//2) 

X B{v,, {A}) • --iiyk, {A}) • ■■B(y^,{X})v+, (55) 

and the determinant representation of the partition function of the six vertex model on a N x N 
lattice with domain wall boundary condition 

V. nBi.„w)v. - n,,,,,,.sh(.,_..)n,,,<.,„sh(A.-A,)' 
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where (h is an N x N matrix whose elements are 



(pjk = <j){^],vk), (57) 
^ sh(A-. + r;/2)sh(A-.-^/2)' ^^^^ 

one can evaluate as [55] 

vJj_2B{vM, cr({A}\{AQ, Aat})) • • • B{vL+i,cr{{\}\{\a, ^n})) 

X D{uL.<j{{M\{^c..\N)))B[uL-ua{{\}\{K, \n})) ■ ■ ■ B{''2,'y{{X}\{Xc., Aw}))4-2 

11^=1 I\k=2^H'^j^j -Vk- ?7/2) detAr_i h{{v}\vi,a{{\}\{\a,\N})) 
= . (59) 

n2<j<fe<JV Sh(l'fc - Vj) ni<i<fc<Ar-l sh(CTj Aj - CTfcA/c) 

Here, h is an (TV — 1) x [N — 1) matrix whose elements are given by 

<^(a,_iA,_i,i.fc+i), J =2, i^"^ 

(/)(crjAj,zyfc+i), j = a + 1, • • • ,iV - 1. 

Combining (15^ . ([M]) and (|55)) . we can express 4*2 (M,L) using determinants as 
sh\sh(AAr+ry/2 + C+)sh(-AAr-jyL-?7/2) sh(2Aj + r/) 



detiv X({A}, {j/})sh(AM ?7/2) [sh2(i.i - ,7/2) - sh^Ajv] /i^ sh(2A,) 

nf=2(sh^^fc - sh^i) n2<j<fc<Ar M^k + Vj) n^'i^sh^Aj ^ sh^Ajv) 

n^iT' - '7/2) - sh^A,] nf=M + ^7/2) - sh^A,] 

1 



iiU + vm - sh'A^] n;=L+i [sh^, - sh^cA^, + 7^/2)] 
EE--- E n{(-^^>M-^^-^^+'?/2-c+)} 



ni<,-<fc<^-isM^.A,-+afeA,.-r?) 

:=i <Ti=± <T„_i=± j=i rij^'i^ nf=2 sh(-crj Aj - z/fc + 77/2) 

n^A/+i(^^^^" " ^^^^^3) YlfJi^ sh(cr„A„ - ajXj - 77) 



X — ^ 



T\!j=2 S^{cFaK - - f?/2) DjIm sh(CTaAa + CFjXj - ?/) 



X (-l)"sh(-(7„A„ + AM) det MMVi,^({A}\{Aa,AAr})). (61) 



5 Conclusion 

In this paper, we considered two point functions for the six vertex model on a 2N x A'' lattice with 
domain wall boundary condition and left reflecting boundary. We calculated two types: (Type I) the 
probability that the spin on the first column is turned down just on the (2M — l)-th row, and the spin 
on the second column is turned down just on the (2L)-th row, (Type II) the probability that the spin 
on the first column is turned down just on the (2M — l)-th row, and the spin on the (27V)-th row is 
turned down just on the L-th column. For Type I, we could express it utilizing a single determinant 
whose entries contain differential operators which act on some functions. For Type II, reducing the 
double row monodromy matrices to one row monodromy matrices and then changing the viewpoint 
to use column monodromy matrices, we expressed it as combinations of determinants. 
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It is interesting to extend the analysis to multipoint functions such as the emptiness formation 
probability. Another interesting direction is to study one point functions of higher rank/spin general- 
ized vertex models with domain wall boundary condition. The thorough investigation of the off shell 
structure [281 ISS] should be crucial for the analysis. 
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